The number of procedures involving upgrade or revision of cardiac implantable electronic devices (CIEDs) is increasing and the risks of adding additional leads are significant. Central venous occlusion in patients with pre-existing devices is often asymptomatic and optimal management of such patients in need of device revision/upgrade is not clear. We sought to assess our use of laser lead extraction in overcoming venous obstruction.
Introduction
Cardiac implantable electronic device (CIED) implantation continues to grow with permanent pacemaker implantation in the USA increasing by 56% between 1993 and 2009. 1 In Europe, there has been a 75 and 115% increase in implantable cardiac defibrillator (ICD) and cardiac resynchronization therapy pacemaker/defibrillator (CRT-P/ CRT-D) implants between 2004 and 2008. 2 As a result of increasing indications for complex pacing, there is an expanding need for patients with pre-existing devices to undergo system revision due to lead failure or upgrade to allow ICD and/or CRT implant. In a recent European survey, 28% of CRT implants were performed in patients with pre-existing devices, 3 and recent lead advisories have necessitated an increase in lead extraction cases. 4 The combination of such factors means that the need for system revision and upgrade is likely to increase in the future. A major obstacle to device revision and/or upgrade is the presence of asymptomatic ipsilateral central venous obstruction. Older reports suggested obstruction occurred in up to 50% of cases 5 -8 with symptoms affecting only 1 -3%, 9 but more contemporary reports have demonstrated a lower incidence closer to 30%. 10, 11 This perhaps reflects improvements in lead design over time, but it remains clear that asymptomatic venous obstruction is not infrequently encountered. Various strategies to overcome venous occlusion exist including contralateral lead or device implantation, venoplasty, and surgical epicardial lead implantation. The addition of extra pacemaker and/or ICD leads is not without its drawbacks. In a recent prospective US registry of pacemaker/ICD generator replacements, the need for an additional lead increased the rate of major complications from 4.0 to 15.3%. 12 Lead extraction may be an alternative option to overcome this problem, 13 but it is not without risk and this should be weighed against the benefits of removing any leads and also the likelihood of symptom recurrence in cases where there are symptoms of venous occlusion. The practice of laser lead extraction to re-canalize venous obstruction has previously been described in a limited number of patients and the suitability of this technique on a larger scale has not been reported. 14, 15 We describe our experience using laser lead extraction to overcome venous occlusion to enable ipsilateral device revision and/or upgrade.
Methods
Guy's and St Thomas' Hospital is a quaternary referral centre for CIED extraction. All patients undergoing device extractions are prospectively entered into a computer database recording patient demographics, comorbidities, device and lead type, reason for extraction, procedural success, and complications. Complications are classified according to those recommended in the Heart Rhythm Society Consensus Report on Transvenous Lead Extraction. 13 Deaths were adjudicated by senior cardiologists within our department, none of whom had any input in the current study. Patients from this database were included in the present study if the indication for lead extraction was to upgrade or revise an existing device in the presence of ipsilateral venous obstruction. In all cases, venous obstruction was identified on the basis of venography performed (either in the radiology department at least 1 day prior to the procedure or in the cardiac catheter laboratory on the day of the procedure) prior to each procedure to ascertain the patency of the venous system ( Figure 1 ). All patients provided written informed consent and all procedures were performed in our cardiac catheter laboratory under general anaesthesia. In patients with ipsilateral venous occlusion, or stenoses severe enough such that a hydrophilic guide wire would not cross the obstruction, laser lead extraction with retention of the outer sheath in the vascular tree was performed. In cases of device upgrade, any non-functional leads were removed; if there was no nonfunctional lead (for example, upgrade from dual-chamber pacing to CRT-P), then the atrial lead was extracted with an attempt to preserve the existing right ventricular (RV) pacing lead. Any redundant leads were also extracted. In cases of device upgrade, where there was also a failed lead in need of extraction, the failed lead was extracted and two hydrophilic wires passed through the outer sheath of the laser. This allowed the passage of two introducer sheaths. The process of laser extraction has previously been described. 16 After opening the existing generator pocket and disconnecting the leads from the generator, the suture sleeve of the lead being extracted was released. The proximal end of the lead was cut and a locking stylet (Liberator Beacon, Cook Medical Inc. or LLD EZ lead locking device; Spectranetics) was advanced as distally as possible and locked in place. A silk suture was then tied to the lead to aid traction and this was fed through the laser sheath (SLS II Excimer Laser Sheaths; Spectranetics) with the outer sheath also in position. Both sheaths were advanced over the lead and the inner sheath advanced until resistance was met at which point laser energy was applied in short pulses to free the lead body from the surrounding vessel wall or cardiac musculature (CVX-300 Excimer Laser System; Spectranetics). Lasing was performed as necessary, up to the final 1 cm proximal to the distal What's new? † Laser extraction to overcome venous obstruction in cases of cardiac implantable electronic device upgrade/revision has previously been described in small series with single operators. † This is the first report on wider applicability of the technique and highlights relative safety and success of the approach. † Medium-term device follow-up in patients undergoing the procedure is satisfactory in a vast majority of cases. electrode, and the lead was freed with counter-traction using the outer sheath. The lead and inner sheath were removed in their entirety leaving the outer sheath in place thereby maintaining vascular access. A venogram was performed to ensure that the sheath remained in the vascular/cardiac space and a hydrophilic wire (Terumo) passed through the outer sheath when intravascular position was confirmed. A long haemostatic sheath(s) was then placed to allow lead implantation in a standard fashion (see Figure 2 ). Laser for device upgrade in cases of venous obstruction
Results
Between July 2004 and April 2012, 242 upgrade/revision procedures were performed and of these 71 (29%) were performed in patients with occluded or severely stenosed venous anatomy. Complete ipsilateral occlusion was present in 52 of 71 patients (73%) in this series. The remainder had severe stensoses that did not allow passage of hydrophilic guide wires and/or introducer sheaths and this was taken as indicating functional obstruction. The vast majority of obstructions were identified in the subclavian vein (67 of 71) with the remainder being at the junction of the subclavian vein with the superior vena cava (SVC) (see Figure 1 ).
Patient characteristics
Baseline patient characteristics are shown in Table 1 . The mean age was 62 + 15 years and 78% of patients were male. Twenty-nine (41%) patients had a history of ischaemic heart disease and 19 (27%) had prior cardiac surgery (coronary artery bypass surgery or valve surgery). The mean left ventricular (LV) ejection fraction was 38% (derived from 2D echocardiography using Simpson's biplane method). Three patients (4%) had symptoms of venous occlusion (arm swelling and pain on the side of device implant).
Device and lead characteristics
Most extractions were performed in patients with existing dual-chamber pacemakers, ICDs, or CRT-Ds (24, 37, and 27%, respectively). In total, 129 leads were extracted from 71 patients (see Table 2 ). Of these, 40 (31%) were passive fixation right atrial (RA) or RV pacemaker leads, 33 (26%) were active fixation RA or RV pacing leads, 41 (31%) were single-or dual-coil defibrillator leads, and 15 (12%) were coronary sinus LV pacing leads, which were extracted due to sub-optimal function (phrenic nerve capture, or sub-optimal lead positioning). The mean duration of lead implant was 80 + 62 months. The commonest indications for extraction were lead malfunction (56%) and need for device upgrade (40%). The remaining extractions were performed for symptomatic venous occlusion (4%).
Procedural characteristics
All 129 leads were successfully extracted in their entirety. It was necessary to snare leads from the femoral venous approach in two cases following unsuccessful laser extraction when the lead fragmented despite the obstruction being crossed. New leads were successfully re-implanted via the laser sheath across the venous obstruction/ stenosis in 67 (94%) cases. In four cases, the laser sheath was unable to pass the obstruction due to intense fibrosis/calcification, and in three of these cases a subclavian vein puncture medial to the venous occlusion was performed to obtain venous access and successfully place the lead. In one case, a transvenous lead could not be placed and an epicardial LV pacing lead was surgically implanted during a later procedure. Mean procedure time was 116 + 32 min. Mean fluoroscopic screening time was 16 + 13 min and mean radiation dose was 837 + 1269 cGycm 2 . There were two major complications (3%) that were both cases of infection of a previously sterile site, and four (6%) minor complications (ipsilateral pneumothorax, phrenic nerve palsy, acute renal failure, and pocket haematoma). There were no peri-procedural deaths ( Cardiac surgery, n (%) 19 (27) Diabetes, n (%) 5 (7) Hypertension, n (%) 16 (23) PVD, n (%) 3 (4) Stroke, n (%) 5 (7) COPD, n (%) 14 (20) CKD, n (%) 12 (17) IHD, ischaemic heart disease; PVD, peripheral vascular disease; COPD, chronic obstructive pulmonary disease; CKD, chronic kidney disease. 
Device follow-up
Medium-to long-term device follow-up was available in 65 of 71 (92%) cases with a mean follow-up of 26 + 19 months. Two patients died within 30 days of the procedure. One patient developed non-procedure-related sepsis (urinary sepsis following urethral instrumentation for urinary retention) while recuperating from their procedure. The second death occurred in a patient with severe heart failure (New York Heart Association IV) with a pre-existing CRT-D that had a non-functioning LV pacing lead. The patient had refractory hypotension and hyponatraemia limiting the use of medical therapy and a decision was made to attempt revision of the CRT-D device as a procedure of last resort. The patient died in hospital from end-stage heart failure despite successful lead extraction. Both deaths were adjudicated by senior physicians within our department, who were blinded to the interventions in the current study. It was necessary to further revise CIED implants following the index procedure in four (6%) cases. Two cases required re-intervention for defibrillator leads with diminished sensing, one patient developed phrenic nerve capture from their LV pacing lead, and one patient deteriorated with a sub-optimal LV lead position that required revision.
Discussion
We have described our experience using laser lead extraction to overcome ipsilateral venous obstruction in patients undergoing device revision and/or upgrade. To date, this is the largest series of cases, where laser lead extraction has been used to overcome venous obstruction thereby allowing ipsilateral lead revision or device upgrade. We have shown that the technique is feasible in the vast majority of cases. In 100% of cases, the targeted lead(s) were completely extracted, and in 94% re-canalization of the obstructed vein allowed successful lead implantation via the laser sheath. In the remaining patients transvenous lead implantation was successful on the ipsilateral side with a medial puncture and in only one case did the patient need a further procedure (surgical LV lead implant) to achieve implant success. Our complication rate is low even in a cohort of patients with reduced LV systolic function and significant comorbidities.
The Heart Rhythm Society (HRS) consensus statement on lead extraction in relation to venous obstruction states that lead removal is a class I recommendation in patients with ipsilateral venous occlusion preventing additional lead placement when there is a contraindication for using the contralateral side (e.g. contralateral atrioventricular fistula, shunt or vascular access port, and mastectomy). Lead removal in patients with ipsilateral venous occlusion and no contraindication to using the contralateral side is a class IIa indication. 13 Obstruction and thrombosis of the access vein after implantation of permanent pacing and defibrillator leads are well described. 10 The reported incidence of asymptomatic cases is up to 50% in older series and up to 30% in more contemporary series. Symptomatic occlusion occurs in 1-3%, thus highlighting the importance of developing strategies for overcoming such obstacles at the time of device upgrade or lead revision. In our study, the finding of venous obstruction precluding device revision or upgrade was 29% in keeping with recent reports. In such cases, it may be possible to obtain venous access with a de novo puncture, but it is often not possible to advance introducer sheaths across a very tight stenosis and there is the added risk of increased lead-lead interaction. These issues are avoided by using the technique described in this report and we have demonstrated that the procedure can be performed safely. Laser technology is increasingly being used to facilitate lead extraction. In the PLEXES trial, use of the laser sheath resulted in complete removal of 94% of leads compared with only 64% where non-laser tools were used (predominantly telescoping sheaths). 17 More recently, Bordachar et al. 18 showed that laser extraction results in shorter procedures with lower radiation exposure to operators when compared with femoral snare techniques. The LExICon study was an observational retrospective study of 1449 consecutive laser lead extractions in North America and confirmed high success rates and low complication rates, particularly in high volume centres. 19 The use of the laser sheath to overcome venous obstruction was first described by Bracke et al. 14 in three patients, where the laser was only used up to the point of obstruction and the lead left in situ. The largest previous series by Gula et al. 15 included 18 patients, where laser lead extraction was performed to facilitate system upgrade in the presence of central venous occlusion. In both earlier reports, the technique was successful in all cases and there were no procedural complications. Our current study provides an expanded assessment of the technique in a larger number of patients. Procedures were performed by three experienced operators in a single centre, each with extensive experience in laser lead extraction. Our patients tended to have a longer duration of lead implant (80 + 62 vs. 70.8 + 43.5 months in the series of Gula et al.) . In addition, our cohort of patients is typical of those in whom these procedures are performed, namely depressed ejection fraction and attendant comorbidities. Another key difference between the current report and the work of Gula et al. is the use of the outer sheath. In the earlier report no outer sheath was used. In a minority of cases, tissue build-up at the tip of the laser sheath prevented the withdrawal of the lead tip through the laser sheath. This necessitated extraction of a functional atrial lead to ensure maintenance of venous patency. Also, our study included patients requiring non-functional lead extraction rather than just device upgrade. In such cases, extraction may be preferable to adding extra leads. In our study, all leads were removed in their entirety, but it was necessary to snare two leads 4 (5) 30-day mortality, n (%) 2 (3)
Laser for device upgrade in cases of venous obstruction from the femoral venous route. Therefore, 98% of leads were removed using the laser sheath alone and in total, venous access was maintained with the outer sheath in 94% of cases. No leads were unintentionally damaged and it was not necessary to extract any extra leads. This is important as it may have implications in reducing the risk of the procedure. There are inherent risks in extracting leads, particularly from the thin-walled RA, and so if extraneous extraction can be avoided this is preferable. In the current study, laser lead extraction was unable to overcome the obstruction in four cases. Leads were successfully extracted in all cases after the laser sheath had successfully overcome fibrosis at the subclavicular level. There were two major procedural complications, both of which were cases of infection of a previously sterile site and this possibly reflects the added risk in performing upgrade or revision procedures. Of the four minor complications, none were specifically related to the use of the laser sheath to overcome the obstruction. The alternative options available if ipsilateral venous occlusion is present include:
(1) Insertion of new leads via the contralateral subclavian vein with either tunnelling of the leads across the sternum or abandonment of the pre-existing leads; (2) Venoplasty of the occluded vessels; (3) Alternative venous access; (4) Surgical epicardial lead implant.
Each of the techniques listed have their own specific drawbacks. The practice of adding leads is not without risk; in the REPLACE registry, there was a 15.3% major complication rate and a 1.1% 6-month mortality rate in patients undergoing generator change with a planned lead addition or revision. 12 Multiple leads traversing the SVC can increase the risk of SVC syndrome. 20, 21 The HRS lead extraction consensus statement states that lead removal is reasonable in patients if CIED implantation would require more than four leads on one side or more than five leads through the SVC (Class IIA recommendation). 13 The presence of redundant leads is also associated with increased risks of infection and erosion. 21 Tunnelling across the sternum to the contralateral position of the existing generator potentially avoids the risk of SVC syndrome, but there is a heightened risk of lead erosion, patient discomfort, and bilateral occlusion. Venoplasty has been previously described, where a wire is passed through the occlusion, and balloon venoplasty performed to open a patent channel. The results of this procedure are encouraging with lead implantation possible in 96% of patients in a recent report. 22 The technique may not be ideal in cases, where there is an indication for lead revision (such as in defibrillator lead failure), where extraction of the malfunctioning lead may be the preferred option. Lead malfunction was the primary indication for revision in 56% of our cases and the use of the laser sheath to overcome obstruction and remove the malfunctioning lead represents an attractive option in such cases. Use of other venous access sites, such as the internal jugular vein, with subsequent tunnelling of leads has been described; however lead erosion remains an issue. 23 Surgical implantation of epicardial leads negates the need for a transvenous approach but requires a thoracotomy and lead failure is not uncommon. 24 
Study limitations
This study is a single-centre experience with experienced operators and therefore our results may not be widely applicable in less experienced centres. Lead extraction is not without risk and should only be performed in centres with experienced staff and necessary equipment/tools and with access to onsite emergency surgery. This study is retrospective and therefore the results must be viewed with some caution. A prospective study of laser extraction to treat venous obstruction would be necessary to extrapolate our results.
Conclusion
Our results suggest that laser lead extraction to overcome ipsilateral venous obstruction is effective and safe, and therefore represents an attractive approach to deal with device upgrade/lead revision in patients with obstructed or severely stenosed venous anatomy.
